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(54) SEMICONDUCTOR DEVICE FOR REDUCING POWER CONSUMPTION IN STANDBY STATE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce power consumption by 
providing MOS transistors which are turned off when a partial 
circuit block is in a standby state and in which threshold voltage 
rises and threshold down current reduces with the control of 
substrate voltage. 

SOLUTION: In the voltage VNW1 of an N well in which PMOS (MPi) 
is formed, voltage VNW-SB in the standby state increases by a 
prescribed value compared to voltage VNW-AC in an operation 
state. In the voltage VPWi of a P well in which NMOS (MNi) is 
formed, voltage VPW-SB in the standby state reduces by the 
prescribed value compared to voltage VPW-AC in the operation 
state and respective threshold voltage values of PMOS (MPi) and 
NMOS (MNi) increase with body effect. Threshold down current of 
PMOS (MPi) and NMOS (MNi) in the standby state reduces. The 
respective well voltages of PMOS (MPi) and NMOS (MNi) are made 
different in the standby state and the operation state. 
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tL, *>oa«mES-iTO-rS >! t J: 0 L S= v^m£E*<±# 
LT L & I. ^TmgSA^JSiP^S IS— COM OS}-^y>fXif 

$-ffi«-ri.m~tfO M O S h 5 Vi^'X :5'cr)rt«75 L 1= I 
<0MO S h 9 Vv'X^' Sr:rt-UT±ffi*aiffi*&®®Kl*3t 

±Seftj^tfimi!iiiSt:±^^iMa»7'Q y :?^OS^OI|- 
^^^MO S h 9 V'Jy^nt. W^^ixtM%mk-:fu .y 

^ Sr^i^-r S COM O S b 9 >- i'*;^ rJ' (c|^#Sr 



[000 1] 

it^«:»j$r«'>$-a:S3t4^<o^»^g(-B5-^i, i,co 
•C\ oy:J^fr^y:4.;l' (Long Channel) YvVi^7.9\iZ. 

S h^yy^^' (Deep Submicron MC6 Transistor) Sr 

ffiffl-r$^;yh--y h (G-b i t ) aco^^r'j^^asg 

^(l^fflLT, #184^S§COmtS (standby current) 

[0002] 

\z. i^m.'k.w^<nwk (i^) cottn^asaa (giob 

al power line) LI O 0 t (globalg 
round line) L 0 ^rS:^ift^>gPi)-W^rIe]SS:/o y i? B 

[0003] 

[^B3A>'flf^LJ:3i:-rsaii] L.*>L. -e<5r)i 
mil^ (l»mffl!Ij3J:tf«Hi&{il) ^l»^llll&:/a-y:;!'(:i[ 

h^vyx^' (deep submicron MOS transistor) ^rffi 
ffl^SiS^tiJi, h9i'>''X^*J;i& y ^3^-7*Mt (-9S 
0, L^V^mffi*)"!) ■Ct>L^l^TmS5 (sub-threshol 
d current) *«^<jjax&:: fct;i^:-3T, 
«.*<0ll»{01B*i^ (**-<fnT*oT(aLV%) im 

LTI51ffiSrfl!f£^6=¥;fyt' y hacO;<^Ui&a*^tcfe 

[00041 dco-'si^), mm&<n%.-hw^^mit.'fh 

— UT a*<OH i t a c h 1 t^^^X^fi. rSwitched 
-Source Inpedance CMOS Circuit j (IEEE Journal of 

Solid State Circuits, fg2 8^. 1 1"^, 199 3^ 

1 \ n) <r>mimm-wf<mi^xhh. hi 
t a c h i <rmmm-^%>. ^«t®<oL# v^Tmajsr 

i0$-<i-&J±>Ot'^r< , mWm^ (stanby state) *>t,- 
mfim (active state) ^.cT^^f tjg< , :^ig|Bo 
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[0005] Lt:i}<-oX. ' cO^HflJi. m^t^i^i¥ 
[0006] 

ib(7)^mwmm.ii, mm.<7)^^mmizi(tLr^mizm^ 
com® sr fit|&-r & ^mmi^m^mti x v^mmmmw^ 
immi-h^mimsizii^^z. iiartsuigs&cortT--?- 

tir . ism^wimyxD ^ amm^m'rimz^-y^ 

[0007] 

LT. z<7)^BMmmzmm^^. mm, zco%mco 
PSA (mm) ^mamsL i o o^:^ (mm mm, 

aitSiL0^*gB#IIl!Srn-y:J'tCiIS5SilSL^:t>t:\ # 

aJ^lsliST'o-y^'B i (Clit, i = l. 2 

m, WTiai«) t^(tT, ^^(^^M^ya yi^Bi 
iZftVXmjm ( local ) ^rffiim^SaStSL ait© 

W5T3ii.pf-v>:t>;nviosh9yyx^ (PMO 

S) MP i i:N^-v>'*/l'MpS h^Vi^'X^' (NMO 
S ) MN i $-:frUT^t)i«il^mi^J^L 10 0 t^il^fi 

BfeL, PMOS (MPi) fcNMOS (MNi) ta^WL 
■r6-?-tl-?'ilcON'>x;I^i:Pn'x;K4, ;^^:'J-^iiJlS 

D y B i 'scoA^rfi-^-CJ) 0 . Y i ti, SP^WslBSro 

o s b 5 yVT^^n v\^Mx. t3tv.hfmx-hm,^<ry^ 
Wtxm (zz\iz^ 3t+c7)ie# - »i, ^^<rm^-x 

MOS b5i'>'*;^!j'MP iA«ffiaL.T»-'>SN>>x;P<?5m 
ffi, Vp„i{±, NMOSh5>'>'*X:J'MNi36*fi[gLf 

[0008]a2«.IEl £0lE|»te*3{t«.«Iffllfi^^rt* 



<0^''f SV^'WC, PMOS (MP i ) <oy— hfclAil 

* ) {i. -f-titciii^^it-Cv^^SP^lalKro -y s i 
1#««®<0«(=i«W^UH (hi^) SrMt, -miWiOB 
<0^l=t&aW''v/l^L (low) S:M-t;S. K®. NMOS 
(MN i ) <?)y-h{cA:^]?iiSfI^<I>Ni*i:. -e^cji 

^(^^fi.x\^hm''fsmk-^^ y B i *'#a«^(7)^{cift 

aK;PL$'. mB1*^cOB#{Ci&a^'<.;^H?^M•r&. 

^fcHlc^cSt, Sflfflm-f-" 4-pifcJ:tA'<I>Ni(::J:0PMO 
S (MP i ) fcil^NMOS (MNi) t'^^tx.^ix.^— 

Vi^y^fi^ ; 1 1= J: 0 > gP^i-«*&S?®iSL a i 

OtJJ:l5^^aft«fimj(g||LO*>ib^08f^*lT. PMO 
S (MPi ) fcNMOS (MNi ) S-jlLTafch-S L# 

[0009] S/i, 02«J:3tw, PMOS (MPi ) 
t/(-i:ff)'Pizmi^^ ». ^-S. N X >l'(^>fSKVm iiiCi^ 

Nii-sB!«i<0f^(i!t'{t*iJDL, NMOS (MN i ) 

**-f<04'(=JgfK$ixTl^«>P'>x;K?>®EVp«i«. 

p»-sB*»'0fSffl^i«t5fei'^L. ^Kr^Jt^x^'h-. (body ef 
feet) {Cj:i)PMOS (MPi ) fcNMOS (MNi ) 

-jT. #li8«L®tf5PMOS (MP i ) feitXNMOS 

(MN i ) ffiL^\,yr^LAij^tzm^Lx . mijm^ 

[0010] ^mmd}^^i^m^mzwrj^i> 
fc, mmm^ * *pi«, mmi-^/i'Hift^Uimu^i. 

)V H tC^^t L. , Vm„ i <± Vm „. ft c L . 

Vp«i(4Vp».sB*>'oVp«.«ct:«E**lMJnLT. PMO 

s (MP i ) fcNMOS (MN 1 ) <r>^\.%\^ms.<ryX 
^S*>''jN$<^4.ifctzJ:'9, 5«<f™tt®ti5r&. 
[0011] -r^ri?-^, PMOS (MPi ) fcNMOS 

(MN i ) <r)^n<r>^ s.)\^^^mwm.k.'mw&.k. 

T-M=ii:^>-<*:SJ:3t-rsC:fc{cJ:0, #«g4^®-C{4L# 

«. J: d (cLT . «fl8«fiS*>4.f^«®^c^^fi=*<)a<fif 
i^^l^fcfc tic:. PMOS (MP i ) fcNMOS (MN 

i ) (rm^smm^^mix^^h. 

[00121 ^r*j, mL(m\x:m^s^t^w&\^ i o 

hZh\,X%h, 

[00 131 fci^T. HRfl^tC. DRAMtOi^^v)* 
^y^^^i. i^WtO^'fmJ-Y (internal nodes) <0 
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[ 0 0 1 4 ] S3«i. ^wmx'^y- v m^^) <r> 
fflco-f yj<-'i$^ibmmzm^^tifzmmt>^^j:-:>xh 

nl;E)m. 2n;e>^L. n3*<H. n4*^L 
4:Ji^T#-&tffi^-r/ltf, PMOS (MPa) . NM 
OS (MNb) . PMOS (MPc ) cOt^l^T^SS 

^R<0l^i,Z^6h'7yzyXi^UPa.^ MNb. MPc 

Mos ^^yy^:$^-^oL#v^Tms£^i. y-hv-xra 

[0015] gU^ftl&m^SL a i CT^mffli. L# V^T 

mmzx ofta«j&Sii^L i o o<7)«£Efrc:jt^Tffi3{j- 

tc«<5:0 (AVjd) . at^iSR^i'giemaseKLbii?)^ 

h (AVss) . L7t*«oT. h^y^^'J^^MPa. MP 
0. b5>'v^X^MNbC7)y-hy-^ratC«i. AVss 
[0016] El4i5J:t/ia5{i:. c:c7)^0H^^^t;-r^ 

mmmMmbu^^mnMm.(mx'^ti^fix^ -y^ 

fiOaS»JS:^-&PMOS (MP i ) tNMOS (MN i ) 

'thf&<Dh^y'jx^<DW^m&t\±m^m^ixx\^'^t^: 

;i<7)'t:ib. x>( -/^(Tyfmt^^PMOS (m 

P i ) ^NMOS (MN i ) ^:^.^%m(r>^^Mzm^ 
LT'>x;^SBE(«S®E) Sriit^S^'^^ J; d^ci 

[00 17]B4«i. PmmWL10(O±f,zm^z^i±L 
fcmi N'!7x;H*>J:i;f|g2N'>x;l'2 . item N'^ 

3. ^LT±iaillN^x;n^ortmc?^iS;^n^ll2 
P»>x;P'4 SrW-ri^ h Ur;P»!7x;U*gJt^^LTv^^, 



^c?>SOTSrf &PMOS (MPi ) mLLti±im 

2N^:LfU2mzm^^fi. ^mimmmt^^tm 
mMmcornvx^ y^co&m^^r-r^Nuos (mn 

i ) lim2 P-0j:./U4mzm&^tih. Ltzifir>X. 
^x.;umEbVti^i^XX/v,^itf^h->Xi>. [USSSrWfiS 
LX\iyhm^hyy'Jxi$^i,z\±mmi^R\^^^\\ 

[ 0 0 1 8 ] gi5ii:. mcommmi>zxh^ji)mm^^ 
'rh(Dx\ Nmmm2 0(7)±izK\^zm:Ltzmip^ 

x/H li^J:^/|g2P^xyH 2. ±lfil|l P^x;H 
1 *5 J: t/m 2 P X ; H 2 fit t m 1 N X ; H 
3. -eLTiiamiP^^xyH lcOrtSP(^Jg^$:fL^IS 
2N^x;H 4?:^^hUr;^'>x;P<iit^^LTV^ . 

>f vf'^oafi|Srf-S>PMOS (MPi ) Ji. a^ScL/ci 
iail2N»>x;H4i*itc^«;?#i. ftjl«*e^iBII^S5 

»^«asii^7)^-cx «y f-oas^sr-r ^ n m o s ( m 
N i ) ±iem2P^xyn 2i*Kcje«$n-2»o L/;:! 

;??<oT. '>x;^«BEV„Hi*5a:lXVpHi*<^;b-:>Tt. EI 

[0019] ^Lx. immt^mmi^ioo^xx/^ 
tiiimmm) ^mmLtz^mmttLxmrn^hm^iiz 

(i. m4X'X^ y^y^h^yi^xi^tfW^^tihm2 
P^cL)i^4t fzitm 2 N ^ X ^i- 2 <7)rt<50\r ^-f 

[0020] 

im^m^<^^ntm^^zttmmz. wm^^(OL^ 
\^^rm^^m^-^'^xm:hm%^m'^-^^ zti)<T^ 
h<r>x\ iSMtiimtm^^tihtmmm^mmzmm 

[0021 ] mL\,zmmLfzz<7:>mm. mi&<^mm 
^ix/mn(rm^\fzxnm^^fih<ryx:\t^£<. z<^^ 

(r>mt^tim<7^^m^zm^m^<7>i^mi^^^mi,zii 

[llHcoffi#=3:Si0H] 

[01] z<^^{zx^^m»mm(rmmm<^mmi 

m2] mi <^mmzi5{'rmmm^<^^^ ^ y^ 
x^hh, 

[03] z <nmiiz j: h^mm<m(o^m(m 
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